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Abstract: The article presents the results of the seven-year study on the state of arable lands and
wastewaters in the districts of mining enterprises in Armenia. An assessment of the ecological and
toxicological state of wastewaters and contaminated areas was carried out. Methods for their purifi-
cation are proposed aimed at their further use and obtainment of environmentally safe agricultural
products. An area of about 0.5 ha, next to the rural community of Syunik in southern Armenia, has
been polluted for many years by mining sludges from the nearest mine watertight cofferdam of the
Zangezur copper-molybdenum combine. Activities have been carried out to clean up the soil in this
area. After plowing, soil improvers (zeolite, bentonite, and manure) were introduced into the soil.
On-site treatments, soil tillage, and the introduction of soil improvers into the soil was implemented
in late autumn. Soil and plant samples were taken to determine the content of heavy metals (Cu,
Zn, Pb, Co, Mo, Ni). In the following spring, the area was planted with potatoes, eggplant, and
peas. A rather high yield was obtained. Analysis of plant samples showed that the content of heavy
metals does not exceed the permissible level of the international food safety standard. At the same
time, soil studies were carried out in the adjacent areas of the Sotk mine, located to the southeast of
Lake Sevan. It was revealed that due to the increase in the volume of the mining industry and the
amount of rock dumps, the organoleptic and chemical indicators of the waters of the Sotk and Masrik
rivers deteriorated. Compared to the previous decade, the amounts of suspended particles per 1 L of
water have increased by 210 . . . 317.0%, in the waters of Sotk—by 32.1 mg/L, and in the waters of
Masrik—by 13.2 mg/L. The same tendency is observed regarding the amounts of nitrates, sulfates,
and hydrogen index, which is mainly due to the chemical composition of rocks. They contain a large
amount of Ca, K, Na, Mg, etc. This trend is especially noticeable along the rivers, where intensive
agriculture, primarily livestock farming is carried out. The material of the work solves a complex of
environmental and economic problems. It is aimed at ensuring environmental safety, improving the
ecological and resource properties of soils, increasing the productivity of cultural phytocenoses and
the sanitary and hygienic quality of food products.
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1. Introduction

The mining industry causes great harm to the environment. Practically all living
environments are significantly polluted. It is indicated that in a number of regions of the
world there is an increase in the role of industrialization of the extractive industry and
an increase in technogenic pressure on the environment [1,2]. Of course, many sectors of
the national economy harm the environment [3–6]. However, the negative environmental
consequences of mining are many times higher [7–10].

The mining industry is one of the more developed industries in the Republic of
Armenia (RA). At the same time, it produces large volumes of toxic waste and pollutes the
environment, damaging ecological systems and the health of the population living near
mining sites. For example, the operations of these mines affect the quality, quantity, and
safety of agricultural products grown on lands neighboring mining sites and the mining
industry’s waste dumps. The environmental health protection apparatus of Armenia
allows mining enterprises to discharge highly toxic wastewater/sludge into surface waters
without treatment, thus polluting the streams and rivers with heavy metals and acid mine
drainage. At the same time, the water of these same streams and rivers is used for irrigating
fields and orchards. In addition, mine tailings dams (“reservoirs”) are poorly designed and
constructed, such that there are frequent spills from the dams; the dams are not isolated
from the environment (open to the air, leaking from the floor and sidewalls, etc.).

Currently, Armenia has over fifty thousand hectares of metal-contaminated land, thirty
thousand of which are in the north-east of the country, covering forest soils and river valley
soils, where the concentration of heavy metals exceeds the natural background by 3.5–40.6
times [11–14].

Heavy metals (Cu, Zn, Pb, Co, As, Mn, Ni, etc.) contaminating soil, groundwater,
and surface waters, eventually make their way into plants, where their toxicity affects
the physiologic functions of the plant, such as growth, productivity, and product quality.
In humans, these metals cause various forms of cancer, sterility, respiratory and other
diseases [15–22].

The lands, in proximity to the mining operations at Qajaran, Kapan and Sotk, are
rendered useless for many reasons—mine tailings spills, mine explosions producing clouds
of toxic dust which settles on land, use of irrigation water contaminated with heavy
metals, toxic dust from the surface of tailings dumps dispersed through wind action, direct
dumping on the land of various mine wastes, etc. (Figure 1).

We believe that the development of measures aimed at salvaging these lands to pro-
duce environmentally clean agricultural crops, by ameliorating the soil with amendments,
which improve soil structure, immobilize the heavy metals making them unavailable for
the plants, and, at the same time, fertilize the soil to raise the overall productivity of the
land, is of paramount significance, relevant and stem from the national security of the
population.
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Figure 1. Armenian mining industry locations.

2. Materials and Methods

To evaluate the qualitative and quantitative impacts of the RA large mining sites,
particularly those of Kapan, Qajaran and Sotk provinces on the neighboring agroecosystems
as well as to assess the ecological state of the waters of Sotk and Masrik rivers flowing
along the vicinity of the Sotk gold mine and their technogenic burden, their contamination
level has been determined, soil cutting has been conducted, sampling of tailings and the
soil thereunder has been done, the content of heavy metals and soil agrochemical indicators
(pH, humus content, carbonates, mobile nutrients) have been determined.

Several spots were selected randomly on the tailings layer for sampling using a soil
auger and sampled at a depth of 0–20 cm. After the tailings layer was removed, the plot
was fenced off, 5 spots were selected within the cleared square plot and sampled at a
depth of 0–25 cm with soil auger. All samples were taken to the laboratory and dried
(100–105 ◦C), which allowed the determination of water content by measuring wet and
dry sample weights. After drying, samples were ground to pass through a 2 mm sieve.
For each—tailings layer and the soil—one composite sample was created by mixing of
the samples taken from several spots. Total heavy metal content was assessed in each
composite sample using strong acid (HNO3) digestion–extraction, and afterwards using
atomic absorption spectrophotometer. The mobile or leachable heavy metal fraction was
extracted using a buffer solution of acetic acid–ammonium hydroxide adjusted for pH 4.8.
The samples were left at room temperature in the buffer solution for 24 h—soaking and
shaken 5–7 times during the soaking period. After 24 h, the solution was shaken again and
filtered. The mobile or leachable forms of heavy metals in the filtrate were quantified using
atomic absorption spectrophotometer.

pH of the soil and tailings samples were estimated by dipping the pH electrode meter
in the saturation paste. The sample content of humic substances was determined using
Tiurin’s method for the determination of organic carbon (using titration with phenyl an-
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thranilic acid). Total carbonate content was quantified by acid dissolution and by measuring
the subsequent release of titrimetric CO2.

Water-soluble Nitrogen in the samples was extracted and determined using the method
of I.V. Tiurin and M.M. Kanonova (USSR scientists); mobile phosphorus was determined us-
ing Machigin’s method, while the exchangeable potassium was quantified using Maslova’s
method (both USSR scientists).

Concentrations of heavy metals in crop samples were determined as follows: plant
samples were dried, ground, and treated with strong acid digestion-extraction, afterwards
the metals’ content was determined using atomic absorption spectrophotometry (AAS–1N
and AAS–30) CENS (Center for Ecological-Noosphere Studies of the National Academy of
Sciences. For potatoes, starch content was also assessed through the weighing method, and
the nitrate content was determined through “COEX” nitrate meter [23].

The studies have been conducted through water sampling from the appropriate
observation points of the Sotk and Masrik rivers situated near the Sotk mine and through
determining their organoleptic and chemical indices. It has been planned to determine the
dynamics of the investigated elements by comparing the obtained data with the similar
indices of the water samples taken from the same observation point by the Environmental
Monitoring and Information Center (SNCO) under the Ministry of Environment within the
previous 10 years and to accordingly develop the needed recommendations.

Considering the circumstance that reoxygenation, as well as physicochemical, and
biochemical processes and intensive microbial activities, sorbtion, desorbtion, and other
activities, are taking place in water, besides, the water organoleptic properties can change,
the laboratory studies on taste, flavor, color, permeability have been conducted with the
standard methods [24,25]. Hydrogenic index, specific electrical conductivity, and salinity
have been determined through the electro-chemical method: the total dissolved substances
have been calculated by multiplying the value of specific electrical conductivity by 0.65.

Biochemical oxygen demand (BOD) represents the amount of oxygen (mg) needed for
oxidizing organic matters in 1-L water at 20 ◦C under aerobic conditions over some period:
in our case it has been determined for 5 days [24,25].

Biochemical oxygen demand (BOD) (biochromatic oxidation) has been determined
in the acidic medium of potassium bichromate under the guidance of catalyzers’, while
titration has been implemented with 0.025 N solution of the Mohr’s salt. It has been
determined through the following formula: Cx = (n1 − n2) × 8 × V2/V1 × 1000, where V1 is
the volume of the investigated water, V2 is the volume of the potassium bichromate, n1 is the
volume of the Mohr’s salt when titrating the zero sample and n2 is the volume of the Mohr’s
salt when titrating the sample. In drinking water, the rate of BOD makes 15 mg O2/L, while
in sanitary and irrigation waters it makes 30 mg O2/L [25]. Ammonium, silicium, nitrate,
and phosphorus ions have been determined with KFK-2 spectrophotometry (Shimadzu
1650) at the wavelength of 360–600, 410, 536, and 708 nm respectively. Sulphate, chloride,
nitrate ions have been determined through the ion chromatography method (DIONEX-
1000), while the hydro-carbonate- through the back-titration method [25].

The permeability, flavor, and color are technical criteria, which have been determined
through visual and sensory methods. The analysis of the chemical elements (Li, Be, B,
Mg, Na, Al, P, K, Ca, Ti, V, Cr, Fe, Mn, Co, Ni, Cu, Zn, As, Se) in the water samples have
been conducted through the inductively coupled plasma mass spectrometry (ICP-MS,
ICP-MSELAN 9000) in line with the standard of ISO 17294, which is based on the use of
argon inductively coupled plasma as a source for ions and the use of mass spectrometry for
ion separation and their further determination [24–36]. The field experiments have been
conducted for the three crops (potato, bean, and eggplant).

3. Results and Discussion

The field experimental activities were conducted in 2013–2014 on the brown forest
soils of the Syunik region, near the tailing dam base of the mining combine situated in the
community of Syunik, which is 729.4 m high above sea level. The territory was covered
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on average with a 20 cm tailings sludge layer. In the autumn of the previous year (2013)
the area where further field experiments were set up, was completely cleaned up from the
sludge layers of the tailings and all the necessary preparatory activities were implemented
per the patterns of the trials which are introduced in appropriate tables; the natural mineral
ameliorants—zeolite and bentonite (transported from Noyemberyan and Ijevan provinces)
and half-rotted manure with corresponding doses were introduced in autumn per the
experimental scheme in the period of main soil treatment activities, while the crop sowing
and cultivation activities were implemented in 2014 in accordance with the agricultural
rules adopted and applied for that zone.

Harvesting was conducted based on the crop ripening degree upon the general cal-
culation method. The results of laboratory investigations of the tailings sludge and its
underneath soil have shown, that the tailings sludge has a weak alkaline reaction (pH
7.45), the content of carbonates makes 12.1% of the whole mass, where humus and plants
available nutrients (NPK) are missing (Table 1) and the data of the same table indicate that
in the soil under the tailings (20–45 cm) the humus content makes 1.27%, while the content
of plants available nutrients—nitrogen, phosphorus, and potassium, though insignificant,
respectively make 0.85, 0.67 and 13.02 mg in 100 g soil.

Table 1. The agrochemical indices of the experimental plots and the tailings sludge.

No Sampling Depth, cm

%

pH

Content of Available Nutrients,
mg in 100 g Soil

Hygro-Scopic
Moisture Content Humus CaCO3 N P2O5 K2O

1 0–20/tailings sludge/ 6.90 - 12.10 7.45 - - -

2 20–45/experimental plots
under the tailings/ 5.12 1.27 10.79 7.35 0.85 0.67 13.02

The contamination level of the tailings sludge and its underneath soil is also different
(Table 2). As the table data show the content of both the total and mobile forms of heavy
metals is very high and in case of such conditions no agricultural crop can ever grow and
develop properly.

Table 2. Contamination of the tailing’s layers and underlying soils with heavy metals, mg/kg in
soil *.

No Sampling Depth, cm Mo Cu Zn Co Ni Pb

1 0–20 (tailings layer) 59.6 30.0 68.2 290 318.0 136.5
3.8 18.0 16.0 18.0 46.0 32.0

2 20–45 (experimental plots layer) 6.20 15.0 24.20 5.00 15.4 1.040
1.20 3.60 2.30 0.250 0.58 0.240

* Numerator shows total metal content, denominator shows the concentration of the mobile e form.

The table data show that the tailings contain high levels of heavy metals (Pb, Ni,
Cu, Zn) and their mobile forms, while the soil below contains considerably fewer metals
compared to the tailings layer; the content of total heavy metals in the underlying soil
layer is 7.9–21.0 times less, while the mobile forms are 3.1–48.0 times less than those in the
tailing’s layers.

The measures taken by our research group were related to the mentioned circumstance:
first, the tailings sludge was removed to create favorable conditions for the crop’s growth
and development, and then the afforested field experimental studies were conducted.

In the autumn of 2013, after introducing manure and ameliorants in the experimental
field 24 soil samples were taken from the area allocated for he mentioned three crops before
the sowing activities in the upcoming spring; they were then treated, and on average
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eight samples were produced, thereafter the content of mobile forms of heavy metals was
determined in order to find out how the manure and ameliorants affected the amounts
of mobile forms of heavy metals within the mentioned 6 months starting from autumn to
spring. Eventually, the recorded changes were compared with the indices of the control
(without fertilization) variant (Table 3).

Table 3. The content of mobile forms of heavy metals in the soil of the experimental plot before crop
planting per variants.

No Variants
Name of Heavy Metals

Pb Ni Cu Zn Co As

1 Control (Without fertilization) 0.133 0.444 3.30 1.898 0.133

traces

2 Manure 40 t/ha-background 0.166 0.509 3.70 2.000 0.166
3 Background + Zeolite 3 tons/ha 0.196 0.585 3.30 2.962 0.196
4 Background + Zeolite 6 tons/ha 0.106 0.561 2.90 1.610 0.106
5 Background + Zeolite 9 tons/ha 0.290 0.749 4.00 2.880 0.290
6 Background + Bentonite 3 tons/ha 0.153 0.522 3.30 1.793 0.153
7 Background + Bentonite 6 tons/ha 0.182 0.512 3.30 1.932 0.182
8 Background + Bentonite 9 tons/ha 0.198 0.449 1.29 2.134 0.198

Table 3 data show, that manure and ameliorants have not caused considerable changes
in the content of heavy metals within the autumn-spring period. This is probably due
to the circumstance, that within the period of introducing manure and ameliorants and
the crops sowing time which coincides with cold weather and overdamping season, no
microbiological processes took place and as a result, no interactions of the manure and
ameliorants with heavy metals was observed [35].

The results of field and laboratory research have indicated that both manure and
natural mineral ameliorants applied on the background of manure have somehow affected
the growth and development as well as the yield amount and qualitative indicators of
potato, bean, and eggplant crops. In the humus-poor soils of the experimental plot weakly
provided with the available nutrients (NPK), the crops of the experimental variants, where
manure and various doses of zeolite and bentonite on the background of manure were
applied, have grown more intensively as compared to those in the variant without fertil-
ization (control); during the vegetation period, they were always characterized with dark
green color and consequently provided higher yield than the crops of the control variant
(Table 4).

Table 4. The effect of applying growing doses of natural mineral ameliorants on the background of
manure on the crop yield capacity, c/ha.

No Variants

Potato Bean (Green) Eggplant

Per Replications

A
ve

ra
ge

Yi
el

d Yield
Surplus Per Replications

A
ve

ra
ge

Yi
el

d Yield
Surplus

A
ve

ra
ge

Yi
el

d Yield
Surplus

I II III c/ha % I II III c/ha % c/ha %

1 Control (without fertilization) 98.0 102.0 101.8 100.6 - - 63.0 71.0 67.0 67.0 - - 87.0 - -
2 Manure 40 t/ha-background 195.0 194.0 199.0 196.0 95.4 94.8 94.0 92.0 96.0 94.0 27.0 40.3 175.0 88.0 101.1
3 Background + Zeolite 3 t/ha 210.0 202.0 212.0 208.0 107.4 106.8 93.6 97.0 100.4 97.0 30.0 44.8 184.0 97.0 111.5
4 Background + Zeolite 6 t/ha 213.0 224.0 223.0 220.0 119.4 118.7 104.0 101.6 106.4 104.0 37.0 55.2 200.0 113.0 129.9
5 Background + Zeolite 9 t/ha 227.0 224.0 221.0 224.0 123.4 122.7 99.5 102.0 104.5 102.0 35.0 52.2 203.0 116.0 133.3
6 Background + Bentonite 3 t/ha 243.0 249.0 246.0 246.0 145.4 144.5 115.0 112.0 118.0 115.0 48.0 71.6 213.0 126.0 144.8
7 Background + Bentonite 6 t/ha 269.0 266.0 272.0 269.0 168.4 167.4 126.0 128.0 130.0 128.0 61.0 91.0 229.0 142.0 163.2
8 Background + Bentonite 9 t/ha 279.0 275 271.0 275.0 174.4 173.4 132.0 129.0 135.0 132.0 65.0 97.0 228.0 143.0 164.4

Sx, % 4.2 2.4 3.1
LSD0.95, c 6.8 4.9 4.6

The data of Table 4 show, that in the variant of manure 40 t/ha (background) the potato
yield capacity was 199.0 c/ha, green bean—94.0 c/ha, eggplant—175 c/ha (according to the
three-time harvesting result per the ripening degree), in the control variant the potato, bean,
and eggplant yields made 100.6, 67.0 and 87.0 c/ha respectively, then in case of applying
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3 t/ha, 6 t/ha and 9 t/ha zeolite and bentonite on the same background, the yield of potato
tubers against that of the background variant increased by 14–28 c/ha (in case of zeolite)
and by 50–79 c/ha (in case of bentonite), the yield of bean accordingly by 3–10 c/ha and
21–38 c/ha and eggplant yield—by 9.0–28.0 and 38.0–54.0 c/ha respectively.

At the same time, the analysis of yield capacity results discloses that though the ap-
plication of equal doses of zeolite and bentonite on the same background has increased
the yield capacity in all experimental variants, bentonite has provided still higher yield
than zeolite: for potato fields, it exceeded by 37.8–50.7%, in case of bean—by 17.6–31.5%
and in eggplant sowings—by 16.0–29%. This difference is accounted for by the fact that
first of all zeolite is endowed with an alkaline reaction-forming ability and the soils of
this region are characterized by a weak alkaline medium (pH—7.35–7.45), thus, under
such conditions, the alkalinity grows up even more suppressing the growth of both above-
ground and underground parts of the plants; besides, zeolite contains very little amount of
nutrients needed for the plants (total phosphorus—2.2–2.7%, total potassium—0.12–0.23%).
Contrarily, bentonite has a neutral environmental reaction (6.8–7.1), where the content of
phosphorus, potassium, and magnesium is 0.18%, 1.2%, and 3.62% respectively; besides, it
is most likely that in this circumstance it also serves as a growth stimulant [14,16,37–45].

The data of Table 4 clearly state that the yield capacity of the agricultural crop increases
together with the increase of zeolite and bentonite doses on the background of manure, yet
the best variant proves to be the dose of 6 t/ha, since the further increase in the doses of
ameliorants though increased the yield capacity of potato, bean and eggplant, nevertheless
the increased amount was not significant and fluctuated within the range of experimental
error (Sx, %) and the least significance difference (LSD0,95, c). The relevant methodology [46]
and relevant statistical analyses package was used [47].

Meanwhile, the laboratory investigations have shown that though compared to the
control variant the nitrate content per kg of dry matter has increased in the yields of potato
tubers, green bean, and eggplant in both background (manure 40 t/ha) and background
+ zeolite, bentonite variants by 80–100 mg for potato, by 88–151 mg for eggplant and by
60–95 mg for green bean, yet the amounts of nitrates in all crops were within the maximum
permissible concentration limits (Table 5, Figure 2). Below the same table, the MPC values
of nitrates for the studied crops are introduced.

Table 5. The effect of applying growing doses of natural mineral ameliorants on the background of
manure on the crops qualitative indicators.

No Variants
Average
Potato
Yield

Starch
Content,

%

Nitrates
Content,
mg/kg

Starch
Yield,
c/ha

Average
Eggplant

Yield,
c/ha

Nitrates
Content,
mg/kg

Green
Bean
Yield,
c/ha

Nitrates
Content,
mg/kg

1
Control
(without

fertilization)
100.6 17.5 85.0 17.6 87.0 170.0 67.0 120

2 Manure 40 t/ha-
background 196.0 16.0 175.0 31.4 175.0 235.0 94.0 190

3 Background +
Zeolite 3 t/ha 208.0 16.2 165.0 33.7 184.0 240.0 97.0 180

4 Background +
Zeolite 6 t/ha 220.0 15.9 170.0 35.0 200.0 225.0 104.0 185

5 Background +
Zeolite 9 t/ha 224.0 15.7 168.0 35.2 203.0 230.0 102.0 175

6 Background +
Bentonite 3 t/ha 246.0 16.2 185.0 39.9 213.0 245.0 115.0 200

7 Background +
Bentonite 6 t/ha 269.0 17.0 180.0 45.7 229.0 240.0 128.0 205

8 Background +
Bentonite 9 t/ha 275.0 16.6 185.0 45.7 238.0 235.0 132.0 215
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Figure 2. The effect of applying growing doses of natural mineral ameliorants on the background of
manure on the crops qualitative indicators.

In the case of 40 t/ha manure application during the experiment the content of ni-
trates increases by a little amount, since, as has been already mentioned, the soils of the
experimental plot are endowed with extremely low fertility, the humus content in the
topsoil does not exceed 1.5% and they are poor in easily hydrolysable nitrogen. Under such
conditions, the nitrogen of the manure together with other nutrients was used by the crops
to produce above- average yield for the given agricultural zone. The same regularity is
also observed in the case of starch content in the potato tubers, the content of which has
hardly changed in the variant where manure has been introduced as compared to that of
the control variant (in the control variant the starch content makes 17.5% and in all other
variants it is 15.9–17.0%), moreover, the surplus of starch yield against the control variant is
related to the high yield of potato tubers [11,14,16,37].

The results of laboratory investigations have shown that the application of both
manure and zeolite and bentonite doses against the manure background has exerted a
certain effect on the accretion of heavy metals (Pb, Ni, Cu, Zn, Co) in the yield of potato
tubers and green bean (Table 6). If we compare the data of the same Table 6 with those
on the content of mobile forms of heavy metals before the crop planting per variants
introduced in Table 3 it becomes clear that the content of all heavy metals in all variants,
even the content of lead (Pb) has not exceeded the normative amounts and they are within
the maximum permissible concentration limits.

Such low amounts of mobile forms of heavy metals are first of all due to the measures
taken related to the removal of the tailings sludge layer in autumn (averagely 0–20 cm) and
then to the introduction of manure and ameliorants into the top soil, as a result of which
some part of mobile forms of soil heavy metals together with the organic substances of the
manure form hardly soluble compounds (chelates) for the root system of the plants, while
the other part joins the micellar (crystal) network of zeolite and bentonite due to their high
adsorption capacity and as a result, the amount of heavy metals are left in the soil, which is
needed as microelements to organize regular plant nutrition during the vegetation period.
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Table 6. The effect of applying growing doses of natural mineral ameliorants on the background of
manure on the accretion/accumulation of heavy metals in the yield of potato tubers and green beans
(mg/kg in dry matter).

No Variants
Potato Bean

Pb Ni Cu Zn Co As Pb Ni Cu Zn Co As

1 Control
(Without fertilization) <0.01 0.320 2.50 1.862 0.066

traces

<0.01 0.29 1.20 1.775 0.031

traces

2 Manure 40 t/ha-background <0.01 0.317 2.43 1.859 0.076 <0.01 0.30 1.16 1.876 0.029
3 Background + Zeolite 3 t/ha <0.01 0.270 2.00 1.657 0.035 <0.01 0.51 0.95 1.880 0.018
4 Background + Zeolite 6 t/ha <0.01 0.200 2.00 1.670 0.039 <0.01 0.52 0.93 1.800 0.020
5 Background + Zeolite 9 t/ha <0.01 0.200 1.80 1.540 0.035 <0.01 0.41 0.95 2.750 <0.01
6 Background + Bentonite 3 t/ha <0.01 0.250 1.20 1.500 0.031 <0.01 0.36 0.68 1.650 <0.01
7 Background + Bentonite 6 t/ha <0.01 0.250 0.95 1.450 0.030 <0.01 0.38 0.67 1.600 <0.01
8 Background + Bentonite 9 t/ha <0.01 0.270 0.95 1.450 0.025 <0.01 0.48 0.65 1.620 <0.01

Nevertheless, upon the impact of manure, zeolite, and bentonite the migration of
heavy metals to the plant organism during the vegetation period has been reduced and, as
a result, the contents of all heavy metals, including Lead (Pb) in the yield of potato tubers
and green bean comply with the requirements of food ecotoxicity regulations and are in
line with all standards for food safety.

It is also noteworthy, that the absolute value of the content of zinc and nickel in the
yield of green beans against the same elements found in the potato tubers is accounted
for the selectivity and accumulation properties which are characteristic, particularly to
leguminous crops.

At the same time upon the results of investigations, it has been disclosed that the
organoleptic indices, (permeability, suspension particles, color, and flavor) both in the
Sotk and Masrik rivers, are different depending on the sampling times. The water quality
deteriorates starting from May up to November, which is related to the rain and meltwaters,
as well as to the intensive atmospheric activities. It is apparent that a smaller number of
suspended particles in the waters of the Sotk and Masrik rivers are found particularly in
the water samples taken from the territories closer to the mining site. Thus, in November
(2019), the suspended particles in the water samples taken from the territory situated
1 km above the Sotk community and opposite the community have made 3.5 mg/L and
11.5 mg/L respectively (Table 1), while in the waters of the Masrik river 1.5 km above V.
Shorzha community and opposite the mentioned community it has made 5.5 and 19.9 mg/L
respectively; at the mouth of the Sotk and Masrik rivers and after interflowing of the waters
their suspended particles amounted to 47.5 and 28.7 mg/L respectively (Tables 7 and 8).

If we compare the mentioned indices with the similar average date of the last pre-
vious 10 years, it becomes obvious that along with the increase of the mining industry
dimensions, as well as with the increase of the rock dumps amount, the quantity of the
suspended particles have also grown up and, as to the mentioned studies, the amounts of
the suspension particles per liter of water have increased by 210.2–317.0% as compared to
the water samples taken within the same period in 2010, or to be more precise, in waters of
the Sotk river they have increased by 32.10 mg/L and in waters of the Masrik river—by
13.2 mg/L.
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Table 7. Organoleptic and chemical indicators of the Sotk river waters depend on the exploitation of
the Sotk gold mine.
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1 Hydrogenic index 8.30 8.20 8.40 8.74 8.40 8.36 8.44 8.40 8.43 8.37 8.35 8.78
2 Dissolved oxygen mg/L 10.20 9.20 6.40 10.30 9.8 6.40 7.60 6.60 7.20 6.80 9.30 5.40
3 BOD5 mgO2/L 1.80 2.00 1.30 2.20 2.0 2.15 2.18 2.10 1.79 1.00 2.70 1.91
4 BOD mgO/L - - 18.0 - 15.40 28.0 15.0 27.0 15.0 35.00 17.00 30.0
5 Total phosphorus mg/L 0.02 0.01 0.05 0.00 0.03 0.05 0.01 0.05 0.02 0.02 0.01 0.04
6 Ammonium ion mgN/L 0.30 0.25 0.19 0.18 0.41 0.14 0.09 0.14 0.23 0.12 0.14 0.19
7 Nitrite ion mgN/L 0.01 0.00 0.01 0.01 0.06 0.04 0.03 0.03 0.00 0.00 0.01 0.04
8 Nitrate ion mgN/L 0.00 - 1.31 - 0.01 2.23 0.26 2.18 0.37 0.45 3.46 2.44
9 Phosphate ion mg/L 0.05 0.05 0.10 0.05 0.07 0.18 0.03 0.17 0.00 0.01 0.17 0.07
10 Chloride ion mg/L 2.65 2.34 2.31 8.30 2.45 5.26 1.62 5.13 2.43 3.27 7.96 7.58
11 Sulphate ion mg/L 20.40 21.64 28.45 65.11 19.62 30.30 8.46 29.30 6.80 15.75 41.53 43.37
12 Total dissolved salts mg/L 239.0 246.4 306.0 299.6 261.4 330.0 202.0 309.0 210.0 230.8 285.0 253.5
13 Electroconductivity mSm/cm 829.0 379.0 470.0 461.0 972.4 507.0 311.0 502.0 323.0 355.0 439.0 390.0
14 Suspended particles mg/L 6.90 2.70 15.40 1.60 7.80 64.40 5.90 62.40 3.50 11.50 47.50 14.1
15 Permeability cm 29 29 30 30 27 29 29 29 26 27 28 28
16 Color (visual) degree 4 4 4 3 4 4 5 4 4 4 4 4

17 Flavor point Light
flavor 2 2 2 2 3 2 2 3 3 2 2 3

Table 8. Organoleptic and chemical indicators of the Masrik river waters depending on the exploita-
tion of the Sotk gold mine.
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1 Hydrogenic index 9.20 9.00 8.49 8.50 8.41 8.14 7.3 7.88 8.38 8.24 7.55
2 Dissolved oxygen mg/L 11.40 11.2 10.00 8.90 7.00 7.30 7.9 7.70 4.10 6.70 6.90
3 BOD5 mgO2/L 2.80 2.4 2.80 1.62 1.00 1.33 1.2 1.50 1.05 2.60 2.15
4 BOD mgO/L - 8 5.00 8.00 11.4 18.0 10.4 10.0 30.00 15.00 20.0
5 Total phosphorus mg/L 0.01 0.0061 0.1274 0.07 0.09 0.16 0.01 0.03 0.03 0.12 0.27
6 Ammonium ion mgN/L 0.10 0.1012 0.1944 0.06 0.06 0.07 0.21 0.06 0.11 0.08 0.14
7 Nitrite ion mgN/L 0.08 0.092 0.0276 0.01 0.03 0.06 0.13 0.00 0.00 0.03 0.11
8 Nitrate ion mgN/L - 0.5534 0.4944 0.33 0.56 0.93 0.03 0.26 0.76 1.43 2.76
9 Phosphate ion mg/L 0.01 0.0142 0.3390 0.40 0.39 0.37 0.12 0.04 0.07 0.28 0.23
10 Chloride ion mg/L 4.35 4.4061 4.6562 3.06 2.62 2.41 1.10 1.19 2.15 3.09 4.92
11 Sulphate ion mg/L 11.61 11.69 16.54 5.16 5.81 6.96 10.4 4.06 6.96 15.01 20.97
12 Total dissolved salts mg/L 152.1 152.60 156.6 154.0 162.6 176.00 114.2 69.0 146.90 141.00 171.00
13 Electroconductivity mSm/cm 234.0 230.60 241.0 236.0 247.4 271.00 118.2 106.0 226.00 218.00 267.00
14 Suspended particles mg/L 1.80 1.87 15.80 60.20 23.60 18.50 2.14 5.50 19.90 28.70 19.90
15 Permeability cm 31 31 30 30 32 31 31 32 31 32 32
16 Color (visual) degree 3 3 4 4 4 4 4 3 3 3 3

17 Flavor point Light
flavor 2 2 3 3 With

flavor 4 4 3 3 3 3 3
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The suspension particles have a great impact on the water permeability, its color, flavor,
as well as on its biological and bio-chemical indicators, which is more clearly described in
the tables. Electrical conductivity is one of the vital ecological indicators of surface waters.
As we can see from the data in Tables 7 and 8 provided by the studies of the Environmental
Monitoring and Information Center, the values of electrical conductivity in the Sotk and
Masrik rivers grow up for the period of December–March compared to those observed for
the period of Spring-Autumn. The mentioned data testify that in the winter hydrological
period the river flow results from the feeding of ground and underground waters and their
hydro-chemical quality is formed under the hydro-chemical influence of just the mentioned
waters. Considering that, unlike the river waters, the values of electro-conductivity in the
waters of cellar pits practically stay unchanged in that period and have 2–2.5 times higher
values than those recorded in the river waters, it can be concluded that in the period of
December-March the hydro-chemical composition in the waters of the Sotk river is affected
also by the drainage waters of the mining site and cellar pits.

The results of the laboratory studies show that in the waters of the left-bank tributary
of the Sotk and Masrik rivers, the feeding of which hardly has any relation with the
Sotk mine, the average value of electro = conductivity is lower by 2–4 times the values
generally recorded in the waters of the mentioned rivers. For comparison, the values of
the electro-conductivity in the waters of the Karchaghbyur river mouth have been also
studied, which do not have any seasonal variabilities and are 2 times lower than the average
electroconductivity value observed in the waters of the Masrik river mouth.

The investigated waters are equivalent to the alkaline waters regarding the values
of their hydrogenic indicators (pH). Thus, the pH in the Sotk river mouth makes 8.78, in
the water sample taken from 1.0 km above the Sotk community it makes 8.43, while in
the Masrik river mouth it is 8.38 and, in the samples, taken from the same river, 1.5 km
above V. Shorzha community, it makes 8.21. This circumstance is related to the chemical
composition of the environmental mountain ores, where the alkaline chemical elements
(Ca, K, Na, Mg, etc.) are prevailing, the content of which has always been high both in the
period of 2010–2015 and in the period of our investigations.

The Sotk river waters contain on average 30.2 mg Ca, 1.3 mg K, 5.5 mg Na and 31.6 mg
Mg per liter of water, while in the waters of the Masrik river the mentioned indices have
made 22.5; 2.0; 6.3 and 5.4 mg/L respectively. The content of Ca has made 26.00 mg/L,
K—2.60, Na–6.45 and Mg—5.20 mg/L (Tables 9 and 10), and the mineralization degree in
the waters (total amount of the inorganic compounds) does not exceed 1 g/L and, per the
average data of the previous 10 years, it makes 129.8 mg/L (in the waters of the Masrik
river), 263.4 mg/L (in the waters of the Sotk river), for the period of our investigations
(November, 2019) the mentioned index in the waters of the Masrik river has made averagely
146.9–182.0 mg/L and in the waters of the Sotk river it makes 230.8–253.5 mg/L. Besides,
95–96% are hydrocarbons; 4–5% are sulphates, while Se and Al make very little amount.

As to the content of nitrate, nitrite and ammonium ions it is clear from the table data
that upon the results of the investigations conducted in the previous years and upon the
laboratory investigations on the water samples conducted in November, 2019, they hardly
exceed the standards set through the decision 75N on the surface waters assessment, taken
on January 27, 2011, by the RA Government, which make NO3−—45, NO2−—3.3, NH+—
2 mg/L and NO3−—0.02–1.5, NO2−—0.001–0.04, NH4+—0.03–0.7 mg/L respectively.

The data of EMIC (Environmental Monitoring and Information Center) testify that
for the Winter-Spring period, in the waters of all observation points the concentration of
nitrates grows up parallel to the intensification of water flow as well. In the waters of cellar
pits, unlike in those of the rivers, the concentration of the nitrate almost stays the same
and it is 2–4 times lower, and hence, the effect of the drainage waters in the cellar pits is
insignificant, while there are more considerable factors forming the content of nitrates in the
river waters, which are mostly related to the anthropogenic factors and to the fluctuation of
the temperature. The increase of the nitrate content is mainly conditioned by the intensive
agricultural activities implemented in the given areas, particularly in the riverine land
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areas, as well as, most likely, by the development of the livestock sector. As a result of
the single mineral fertilization with nitrogen, some part of the nitrogen is leached and
moved into the river mingling with the river waters. At the same time, some part of the
cattle manure and liquid manure is imbibed into the soil and the other part is leached with
the atmospheric precipitations and becomes mixed with the river waters increasing the
nitrate content.

Table 9. Content of individual chemical elements in the waters of the Sotk river by dates.
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1 Ca mg/L 35.09 40.07 50.97 37.91 21.87 28.15 20.35 23.02 46.04 34.32
2 Mg mg/L 33.63 39.91 29.26 42.14 31.12 30.72 32.56 41.09 19.70 30.39
3 K mg/L 1.18 1.68 5.49 2.77 0.52 5.47 0.48 0.93 2.07 2.45
4 Na mg/L 3.06 6.07 11.38 3.83 2.68 10.86 2.72 6.35 7.58 11.70
5 Al mg/L 0.06 0.03 0.04 0.06 0.02 0.56 0.02 0.02 0.12 0.14
6 Se mg/L 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 <0.00 0.00
7 S/Sulphur mg/L 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01

Table 10. Content of individual chemical elements in the waters of the Masrik river by dates.
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1 Ca mg/L 32.43 28.4 26.42 31.96 30.89 30.89 16.45 30.03 28.75 29.36
2 Mg mg/L 6.61 8.40 9.16 5.82 8.86 8.86 2.31 6.78 7.55 11.22
3 K mg/L 2.29 3.00 3.30 4.42 4.46 4.46 0.64 2.60 2.95 4.48
4 Na mg/L 9.04 9.11 9.11 7.86 9.89 9.89 3.33 10.46 5.36 11.92
5 Al mg/L 0.01 0.03 0.04 0.79 0.06 0.06 0.13 0.11 0.15 0.23
6 Se mg/L 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7 S (Sulphur) mg/L 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

A similar pattern is observed in the case of the concentration dynamics in the sulphate
ion, which also grows up along with the water flow intensification. Unlike the river waters,
in the waters of the cellar pits, the sulphate concentration practically stays the same and is
2–3 times lower. So, the recorded sulphate content in the waters of the Sotk and Masrik
rivers is formed under the influence of the Sotk mine exploitation, under the impact of
pressure factors existing near the zone of the mining site along the south-eastern part
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of the Areguni mountain chain, as well as under the influence of the waters in the zone
of the seepage flow (internal stream) of the Sotk and Masrik rivers, particularly under
the significant impact of right-bank ground and artesian (underground) waters of the
catchment basin.

While in the lower parts of the rivers the increase of the sulphate ion content is mainly
related to the application of various agrochemicals during agricultural farming, as well as
to the vaccines administered throughout cattle breeding, the residuals of which are poured
into the rivers flowing through the mentioned territories increasing the amount of the
mentioned ions.

The research results have indicated that the content of the heavy metals and other
chemical elements in the Sotk and Masrik rivers is significantly low or are in line with the
MPCL as to the data gained upon the investigations conducted in November 2019 and
during the previous 10 years.

Besides, we will achieve a more comprehensive view of the above-discussed issue,
if we put forward the circumstance that within the study period the total intensity of the
geochemical flow of the heavy metals in the waters of the mentioned rivers significantly
fluctuates and varies depending on the exploitation of the Sotk mining site and on the
changes of the mining ore volumes. The results of the analysis of soil samples taken from
the arable lands of agrocenosis in the studied river basin show that the lands irrigated with
the waters of the Sotk-Masrik rivers have a high content of heavy metals in the soil samples,
while the ploughlands irrigated with the waters of Karchaghbyur river almost no heavy
metals have been detected (Table 11).

Table 11. Average indices of heavy metals in Sotk, Masrik, and Karchaghbyur rivers and arable lands
irrigated by those waters.

Name of the
Element

Name of the River and Basin Phytotoxic
Concentrations of
Heavy Metals in
Soil, mg/kg [10]

Sotk Masrik Karchaghbyur
in Waters,

g/L
in Arable Land

mg/kg
in Waters,

g/L
in Arable Land

mg/kg
in Waters,

g/L
in Arable Land

mg/kg

Ag <10−5 0.2 <10−5 0.8 - - 2
As 0.080 14.3 0.045 17.0 - 0.012 15–50
Cd <10−3 0.7 <10−2 0.9 - - 3–8
Co <10−4 10.0 <10−5 13.4 - - 25–50
Cr 0.0080 4.6 0.0065 20.0 - - 75–100
Cu 0.035 10.5 0.027 19.2 0.001 1.0 60–125
Hg 0.003 0.2 0.0015 0.3 - - 0.3–5
Mn 61.3 980.0 59.4 640.0 - traces 1500–3000
Ni 0.003 48.0 0.009 45.0 - - 100
Pb 0.007 21.0 0.009 27.0 0.00004 0.7 100–120
Zn 0.020 90.0 0.87 78.0 0.0003 1.2 70–200
Sb <10−4 2.0 <10−3 6.4 - - 5–10
Se <10−5 - <10−4 0.7 - - 5–10
V 0.035 1.4 0.026 3.0 - - 5–100

As the table data show the soils of the land areas irrigated with the waters of the Sotk
and Masrik rivers (20–25 cm in arable lands) contain higher amounts of copper, zinc, lead,
arsenic, mercury, and manganese, while the content of other metals is insignificant and is
lower than the background indices of phytotoxic concentrations of those metals in the soil.
Whereas in the land areas irrigated with the waters of Karchaghbyur river no content of
the mentioned and other metals has been detected. This circumstance comes to prove once
again that the rivers of Sotk and Masrik obtain direct feeding from the accessions of the Sotk
mine and due to the leaching of dust and rock deposits formed during the mine exploitation
(via precipitations), the heavy metals in the ores penetrate the river waters, which accrete
in the soil plowing layer throughout the years. While in the soils of the land areas irrigated
with the waters of the Karchaghbyur river heavy metals are missing, which is conditioned
by the fact that the feeding of this river is not related to the mining site. As shown in the
table, there are small amounts of As, Cu, and Zn in the waters of the Karchaghbyur river
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and in the soil samples taken from the lands irrigated with these waters, which are resulted
from the residual amounts of pesticides used in agriculture, while the existence of Pb is
due to the emissions of the vehicles operated in the mentioned region.

4. Conclusions

Studies of the content of heavy metals and other chemical elements in the waters of
the Sotk and Masrik rivers and the soils of agroecosystems revealed that, as in the previ-
ous 10 years, the total geochemical intensity of their flow fluctuates within unacceptable
Maximum permissible concentration (MPC) limits. This is due to the operation of the mine
and changes in the volume of the ore mine. To improve the ecological and toxicological
condition of the waters in these rivers and the soils irrigated therewith and to reduce the
mobility of heavy metals, it is necessary to constantly increase the amount of CaO gypsum
in the acid mine drainage so that the reaction of the aquatic environment is maintained
within the range of at least 9 (pH = 9). At the same time, some heavy metals (wolfram,
molybdenum, vanadium, etc.) are more active in an alkaline environment, so filters must
be installed to purify water and soil.

To obtain ecologically safe food from the land areas covered with the sludge layer of
mine tailings it is necessary to first clean and remove the sludge layers from those territories
and only then implement cultivation activities of agricultural crops.

Since the soils buried under the tailings layer have a very low level of fertility, it is
necessary to fertilize the growing crops with 40 t/ha manure, while in order to reduce
the migration of heavy metals from the soil into the plant organism and to produce food
meeting the requirements of eco-toxicological standards and pose no hazard to human
health, zeolite or bentonite of 6 t/ha application dose with manure should be introduced in
the technogenic contaminated soils.

Along with the increase of the mining dimensions in the Sotk gold mine and with the
increase of the amounts of rock dumps, the organoleptic and chemical indicators in the
waters of the Sotk and Masrik rivers also grow up. The quantity of the suspension particles
has increased by about 210–317.0% as compared to the same indices obtained for the last
10 years (2010); in the waters of the Sotk river, the increase has amounted to 32.1 mg/L,
while in those of the Masrik river it makes 13.2 mg/L.

Increasing tendencies have been also observed in the mentioned waters regarding the
values in the indices of nitrate, sulphate and hydrogenic ions, which are mainly related to
the chemical composition of the ore mines, where the alkaline chemicals (Ca, K, Na, Mg, etc.)
mainly predominate, and to the intensive agricultural activities carried out in the specific
areas, particularly in the riverine land areas, as well as to the application of the single
nitrogenous fertilization system and most likely to the development of animal husbandry.

The total intensity of the geochemical flow of the heavy metals (chemical elements) into
the Sotk and Masrik rivers considerably fluctuates and varies depending on the exploitation
of the Sotk mining site, changes in the volumes of the ore mine, their feeding, and the
distance from the mining site.

Considering the fact that the waters of the mentioned rivers are used also for irrigation
purposes and that their constituent heavy metals are endowed with the great ability to
accumulate in the soils (deposited), and last but not least, their mobility is extremely
reduced in the base (alkaline) medium, especially when the environmental reaction (pH)
equals to 9, therefore, it is recommended that the managerial body of the mining industry
should constantly increase the amount of lime (CaO) in the acidic drainage of the mining
site provided that the water pH will hold up minimum within the range of 9. At the same
time, taking into account the fact that certain heavy metals (selenium, wolfram, vanadium,
molybdenum, etc.) are more active in the basic environment, it is necessary to install filters
for their refinement.

The research results should be used to zone the surrounding areas of mining companies
according to the deposition degree of heavy metals. Besides, to reduce the content of heavy
metals in the agricultural crops grown in those areas the required technological approaches



Life 2023, 13, 394 15 of 17

(phytomelioration, bioremediation, heat treatment of the harvested crop, canning, etc.)
should be observed.

Author Contributions: Conceptualization, M.V.L. and H.Y.S.; methodology, M.H.G., M.V.L., K.S.S.,
and H.Y.S.; software, H.Y.S.; validation, M.V.L. and H.Y.S.; formal analysis, M.V.L.; investigation,
M.H.G., M.V.L., K.S.S. and H.Y.S.; resources, H.Y.S.; data curation, M.V.L.; writing—original draft
preparation, M.H.G., M.V.L., K.S.S. and H.Y.S.; writing—review and editing, M.V.L. and H.Y.S.;
visualization, M.V.L., K.S.S. and H.Y.S.; supervision, M.V.L.; project administration, M.V.L.; participa-
tion in correction, M.V.L. and H.Y.S. All authors have read and agreed to the published version of
the manuscript.

Funding: The work is paid by the authors from their own funds.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The datasets generated and analyzed during the current study are
available from the corresponding author upon reasonable request.

Acknowledgments: The article was made with the support of the Ministry of Science and Higher
Education of the Russian Federation in accordance with agreement № 075-15-2020-905 date 16
November 2020 on providing a grant in the form of subsidies from the Federal budget of Russian
Federation. The grant was provided for state support for the creation and development of a World-
class Scientific Center “Agrotechnologies for the Future”.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Awaji, T.; Teranishi, S. Mining and Its Environmental Damage. In The State of the Environment in Asia; Springer: Tokyo, Japan,

2003; pp. 25–45. [CrossRef]
2. Bennagen, M.E. Estimation of Environmental Damages from Mining Pollution: The Marinduque Island Mining Accident; EEPSEA

Research Report Series; Economy and Environment Program for Southeast Asia (EEPSEA): Singapore, 1998; Available online:
https://idl-bnc-idrc.dspacedirect.org/bitstream/handle/10625/21613/116325.pdf?sequence=23&isAllowed=y (accessed on 2
October 2022).

3. Gibadulina, I.I.; Larionov, M.V.; Maslennikova, N.N. Anatomical and morphological features of the leaves of Tilia cordata Mill. as
an indicator of the adaptive capabilities of the species to the conditions of the urban environment. IOP Conf. Ser. Earth Environ.
Sci. 2022, 988, 032082. [CrossRef]

4. Gromova, T.S.; Siraeva, I.S.; Ermolenko, A.S.; Larionov, N.V.; Larionov, M.V. Vitality of woody plants as the aggregate basis of the
ecological condition of urban and suburban ecosystems of the Khopyor River Region. Mod. Sci. Actual Probl. Theory Pract. Ser.

“Nat. Tech. Sci.” 2020, 7, 20–27. [CrossRef]
5. Jiménez, T.; Pollán, M.; Domínguez-Castillo, A.; Lucas, P.; Sierra, M.; de Larrea-Baz, N.F.; González-Sánchez, M.; Salas-Trejo, D.;

Llobet, R.; Martínez, I.; et al. Residential proximity to industrial pollution and mammographic density. Sci. Total Environ. 2022,
829, 154578. [CrossRef] [PubMed]

6. Siraeva, I.S.; Larionov, M.V.; Larionov, N.V.; Soldatova, V.V.; Gromova, T.S.; Ermolenko, A.S.; Kulagina, E.Y. Environmental
assessment of health indicators of woody plants in natural and man-made conditions. Samara J. Sci. 2020, 9, 100–106. [CrossRef]

7. Ibrahim, M. The Use of ‘Prince System’ in Minimizing the Environmental Damages in Mining Activities. J. Teknol. 1992, 20, 12–18.
[CrossRef]

8. Pleshakova, E.; Ngun, C.; Reshetnikov, M.; Larionov, M.V. Evaluation of the Ecological Potential of Microorganisms for Purifying
Water with High Iron Content. Water 2021, 13, 901. [CrossRef]

9. Provornaya, I.V.; Yurkevich, N.V.; Dzuba, Y.A. Mine Tailings: Environmental Damage and Resource Potential. IOP Conf. Ser.
Earth Environ. Sci. 2020, 459, 022084. [CrossRef]

10. Shaw, W.D.; Eiswerth, M.E.; Huszar, E.H. Environmental Damages from Gold Mining: Application to the Humboldt River
Watershed and Implications for Europe. Rev. Econ. Catalunya 2001, 70–78.

11. Galstyan, M.H.; Hayrapetyan, E.M.; Harutyunyan, S.S.; Tamoyan, S.J. The eco-economic efficacy of using natural mineral
ameliorants together with organic fertilizers for eggplant production. Biol. J. Armen. 2009, 60, 82–87. (In Armenian)

12. Hayrapetyan, E.M.; Shirinyan, A.V. Agriecology, Textbook for the NAS students, Yerevan. Int. Sci. J. 2003, 408. (In Armenian)
13. Harutyunyan, V.S.; Sargsyan, K.S. Ecological safety, Yerevan. Int. Sci. J. 2018, 476. (In Armenian)
14. Hayrapetyan, E.M.; Galstyan, M.H.; Harutyunyan, S.S.; Tamoyan, S.J. The influence of the combined use of natural ameliorants

and organic fertilizers on the yield of agricultural crops and the accumulation of heavy metals in the plants of technogenically
contaminated soils “Ecological problems of agriculture”. Mater. Int. Sci. Conf. 2008, 145–151. (In Armenian)

http://doi.org/10.1007/978-4-431-67945-5_2
https://idl-bnc-idrc.dspacedirect.org/bitstream/handle/10625/21613/116325.pdf?sequence=23&isAllowed=y
http://doi.org/10.1088/1755-1315/988/3/032082
http://doi.org/10.37882/2223-2966.2020.07.11
http://doi.org/10.1016/j.scitotenv.2022.154578
http://www.ncbi.nlm.nih.gov/pubmed/35304152
http://doi.org/10.17816/snv202091116
http://doi.org/10.11113/jt.v20.1062
http://doi.org/10.3390/w13070901
http://doi.org/10.1088/1755-1315/459/2/022084


Life 2023, 13, 394 16 of 17

15. Budnikov, G.A. Heavy metals in environmental monitoring of water systems. Soros Educ. J. 1998; 23–28. (In Russian)
16. Saet, Y.E.; Revich, B.A.; Yanin, E.P.; Smirnova, R.S.; Basharkevich, I.L.; Onishchenko, T.L.; Pavlova, L.N.; Trefilova, N.Y.;

Achkasov, A.I.; Sargsyan, S.S. Geochemistry of the Environment; Nedra: Moscow, Russia, 1990; 335p, Available online: https:
//www.geokniga.org/bookfiles/geokniga-292484.pdf (accessed on 2 October 2022). (In Russian)

17. Sokolov, O.A.; Chernikov, V.A.; Lukin, S.V. Atlas of The Distribution Of Heavy Metals. Constanta: Belgorod, Russia, 2008; 188p,
Available online: https://rusneb.ru/catalog/000199_000009_004370214/ (accessed on 2 October 2022). (In Russian)

18. Ashikhmina, T.Y.; Kantor, G.Y.; Vasilyeva, A.N.; Timonyuk, V.M.; Kondakova, L.V.; Sityakov, A.S. Environmental Monitoring;
Akademicheskij Proekt: Moscow, Russia, 2006; 416p, Available online: https://rongaschool.ucoz.ru/ehkologicheskie_metodiki.
pdf (accessed on 2 October 2022). (In Russian)

19. Mitra, S.; Chakraborty, A.J.; Tareq, A.M.; Emran, T.B.; Nainu, F.; Khusro, A.; Idris, A.M.; Khandaker, M.U.; Osman, H.;
Alhumaydhi, F.; et al. Impact of heavy metals on the environment and human health: Novel therapeutic insights to counter the
toxicity. J. King Saud Univ. Sci. 2022, 34, 101865. [CrossRef]

20. Influence of Atmospheric Pollution on Soil Properties; Grishina, L.A. (Ed.) Publishing house of Moscow State University: Moscow,
Russia, 1990; 203p. (In Russian)

21. Garmash, G.A. The content of lead and cadmium in various parts of potatoes and vegetables grown on soils contaminated with
these metals. In Chemical Elements in the Soil-Plant System; Nauka: Novosibirsk, Russia, 1982; pp. 105–110. (In Russian)

22. Garmash, G.A. Distribution of Heavy Metals in the Organs of Cultivated Plants. Agrochemistry 1987, 40–46. (In Russian)
23. Saghatelyan, A.K. Peculiarities of Distribution of Heavy Metals in the Territory of Armenia; Monogr. H. CENS NAS RA: Yerevan,

Armenia, 2004; 157p. (In Armenian)
24. Shahinyan, H.O. On the Hydrochemical. Characteristics of Some Drinking Water Supply. H. CENS NAS RA, Yerevan, Armenia.

Earth Sci. 2005, 58, 41–45. (In Armenian)
25. Clesceri, L.S.; Greenberg, E.A.; Eaton, A.D. Standard Methods for The Examination of Water and Wastewater, 20th ed.; American

Public Health Association: Washington, DC, USA, 1998; p. 1220.
26. Davydova, S. Heavy metals as toxicants in big cities. Microchem. J. 2005, 79, 133–136. [CrossRef]
27. Ghalachyan, L.; Asatryan, A. Distribution of heavy metals in water-soil-plant system zones of the Armenian NPP. Monogr. Yerevan

2012, 4, 28–31. (In Armenian)
28. Rokni, M.A.; Galstyan, M.A.; Shokrzadeh, M. Lead, Cadmium and Chromium Concentrations in Irrigation Supply of/and

Taron Rice in Central Cities of Mazandaran Province. Iran J. Maz. Univ. Med. Sci. 2013, 22, 234–242. Available online:
http://jmums.mazums.ac.ir/browse.php?a_code=A-10-27-27&slc_lang=en&sid=1 (accessed on 2 October 2022).

29. Fomin, G.S. Water: Control of Chemical, Bacterial and Radiation Safety According to International Standards; Protektor: Moscow, Russia,
2000; 848p. (In Russian)

30. Kipriyanov, N.A. Environmentally Friendly Plant Raw Materials and Finished Food Products; Agar: Moscow, Russia, 1997; 175p.
(In Russian)

31. Mineev, V.G. Biological Farming and Mineral Fertilizers; Kolos: Moscow, Russia, 1993; 413p. (In Russian)
32. Potemkin, L.A. Protection of Subsoil and the Environment; Nedra: Moscow, Russia, 1977. Available online: https://www.geokniga.

org/bookfiles/geokniga-ohrana-nedr-i-okruzhayushchey-prirody.pdf (accessed on 4 October 2022). (In Russian).
33. Protasov, V.F.; Molchanov, A.V. Ecology, Health, and Environmental Management in Russia; Finansy i Statistika: Moscow, Russia,

1995; 524p. (In Russian)
34. Lorenc, W.; Markiewicz, B.; Kruszka, D.; Kachlicki, P.; Barałkiewicz, D. Total Versus Inorganic and Organic Species of As, Cr, and

Sb in Flavored and Functional Drinking Waters: Analysis and Risk Assessment. Molecules 2020, 25, 1099. [CrossRef] [PubMed]
35. Fellenberg, G. Pollution of the natural environment. In Introduction to Ecological Chemistry; Mir: Moscow, Russia, 1997; 232p,

Available online: https://www.geokniga.org/bookfiles/geokniga-fellenbergzagryaznprirodnoysredy1997.pdf (accessed on 2
October 2022). (In Russian)

36. ISO 17294-1:2004; Water Quality—Application of Inductively Coupled Plasma Mass Spectrometry (ICP-MS)—Part 1: General
Guidelines. Available online: https://www.iso.org/standard/32957.html (accessed on 2 October 2022).

37. Galstyan, M.A. Ecological and Economic Efficiency of the Use of Zeolite in Potato Crops Against the Background of Mineral Fertilizers
and Manure in Technogen Polluted Soils of Armenia; Materials of the I Transcaucasian Forum (Grozny, Russia, 15–16 October 2013);
KCHSU Publ.: Grozny, Russia; pp. 170–174. (In Russian)

38. Yagodin, B.A.; Smirnov, P.M.; Peterburgskij, A.V.; Asarov, K.K.; Demin, V.A.; Reshetnikova, N.V. Agrochemistry Workshop;
Agropromizdat: Moscow, Russia, 1987; 512p, Available online: https://studizba.com/files/show/pdf/115282-1-yagodin_b.html
(accessed on 2 October 2022). (In Russian)

39. Guideline on the Chemical Analysis of Terrestrial Surface Waters; Gidromet: Moscow, Russia, 1977; 542p. (In Russian)
40. Glazovskaya, M.A. Methodological Bases for Assessing the Ecological and Geochemical Resistance of Soils to Technogenic Impacts;

University of Moscow Publ.: Moscow, Russia, 1997; 102p. (In Russian)
41. Golubev, A.V. Fertilize without Destroying; Privolzhskoe Knizhnoe Izdatel'stvo: Saratov, Russia, 1990; 125p. (In Russian)
42. Urazaev, N.A.; Bakulin, A.A.; Nikitin, A.V.; Urazaev, D.N.; Chukhlebova, N.S. Agricultural Ecology; Kolos: Moscow, Russia, 2000;

304p, Available online: https://www.rulit.me/books/selskohozyajstvennaya-ekologiya-pod-red-n-a-urazaeva-read-454493-1
.html (accessed on 2 October 2022). (In Russian)

https://www.geokniga.org/bookfiles/geokniga-292484.pdf
https://www.geokniga.org/bookfiles/geokniga-292484.pdf
https://rusneb.ru/catalog/000199_000009_004370214/
https://rongaschool.ucoz.ru/ehkologicheskie_metodiki.pdf
https://rongaschool.ucoz.ru/ehkologicheskie_metodiki.pdf
http://doi.org/10.1016/j.jksus.2022.101865
http://doi.org/10.1016/j.microc.2004.06.010
http://jmums.mazums.ac.ir/browse.php?a_code=A-10-27-27&slc_lang=en&sid=1
https://www.geokniga.org/bookfiles/geokniga-ohrana-nedr-i-okruzhayushchey-prirody.pdf
https://www.geokniga.org/bookfiles/geokniga-ohrana-nedr-i-okruzhayushchey-prirody.pdf
http://doi.org/10.3390/molecules25051099
http://www.ncbi.nlm.nih.gov/pubmed/32121493
https://www.geokniga.org/bookfiles/geokniga-fellenbergzagryaznprirodnoysredy1997.pdf
https://www.iso.org/standard/32957.html
https://studizba.com/files/show/pdf/115282-1-yagodin_b.html
https://www.rulit.me/books/selskohozyajstvennaya-ekologiya-pod-red-n-a-urazaeva-read-454493-1.html
https://www.rulit.me/books/selskohozyajstvennaya-ekologiya-pod-red-n-a-urazaeva-read-454493-1.html


Life 2023, 13, 394 17 of 17

43. Girusov, E.V.; Bobylev, S.N.; Novoselov, A.L.; Chepurnykh, N.V. Ecology and Economics of Environmental Management; YUNITI-
DANA, Edinstvo: Moscow, Russia, 2003; 519p, Available online: https://knigogid.ru/books/1222417-ekologiya-i-ekonomika-
prirodopolzovaniya/toread (accessed on 2 October 2022). (In Russian)

44. Ecology, Nature Conservation and Environmental Safety; Danilov-Danilyan, V.I. (Ed.) MNEPU Publ.: Moscow, Russia, 1997; 744p.
(In Russian)

45. Agrogeochemistry and Environmental Monitoring; Yagodin, B.A. (Ed.) Agropromizdat: Moscow, Russia, 1990; pp. 113–118.
(In Russian)

46. Dospekhov, B.A. Field Experience Methodology: With the Basics of Statistical Processing of Research Results; Al’yans: Moscow, Russia,
2011; 352p, Available online: https://rusneb.ru/catalog/000706_000023_NBRBU-RU_%D0%93%D0%9F%D0%9D%D0%A2%D0
%91+%D0%A0o%D1%81%D1%81%D0%B8%D0%B8_KNIG1_%D0%9F1_%D0%94+705-219171/ (accessed on 7 October 2022).

47. Hansen, E.; University of Wisconsin, Department of Economics. Econometrics. 2019. Available online: https://ssc.wisc.edu/~{}%
7B%7Dbhansen/econometrics/Econometrics.pdf (accessed on 7 October 2022).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://knigogid.ru/books/1222417-ekologiya-i-ekonomika-prirodopolzovaniya/toread
https://knigogid.ru/books/1222417-ekologiya-i-ekonomika-prirodopolzovaniya/toread
https://rusneb.ru/catalog/000706_000023_NBRBU-RU_%D0%93%D0%9F%D0%9D%D0%A2%D0%91+%D0%A0o%D1%81%D1%81%D0%B8%D0%B8_KNIG1_%D0%9F1_%D0%94+705-219171/
https://rusneb.ru/catalog/000706_000023_NBRBU-RU_%D0%93%D0%9F%D0%9D%D0%A2%D0%91+%D0%A0o%D1%81%D1%81%D0%B8%D0%B8_KNIG1_%D0%9F1_%D0%94+705-219171/
https://ssc.wisc.edu/~{}%7B%7Dbhansen/econometrics/Econometrics.pdf
https://ssc.wisc.edu/~{}%7B%7Dbhansen/econometrics/Econometrics.pdf

	Introduction 
	Materials and Methods 
	Results and Discussion 
	Conclusions 
	References

